The objective of the study was to verify the hypothesis that obesity is associated with pubertal timing, as both factors interact to predict psychosocial adjustment problems in girls. SUBJECTS: We selected 811 girls who had participated in a longitudinal study on a representative sample of French Canadian children from 1986 to 1997. METHOD: Only data collected between 1993 and 1996 were analyzed. We classified the participants into three weight categories (normal, overweight, and obese) and pubertal timing (early, on-time, or late-maturing) and compared their internalized and externalized problem behavior and conflict as well as their socioeconomic status. RESULT: We found that (1) early and late-maturing girls are more at risk of being overweight during the whole period of pubertal development as demonstrated by the increasing rate of obesity in these two groups between 11 and 13 y old, and (2) there was an interaction effect between pubertal timing and obesity in predicting problem behavior and conflict. Overweight and obese girls who developed faster or slower than their peers displayed more adjustment problems at 11 and 12 y old. At 13 y old, obesity predicted adjustment problems separately without regard to pubertal timing. Our results suggest that puberty timing is a risk factor for obesity and that both pubertal timing and being overweight predict adjustment problems during all the courses of pubertal development, supporting partially our hypothesis. CONCLUSION: Programs and interventions must take into account these two factors and adolescents should be monitored throughout all the periods of pubertal development.
Introduction
Much evidence has converged on increasing obesity rates in adults (Statistics Canada, 1999 ) and children, as well as adolescents. [1] [2] [3] In 1997, 19% of Canadians between the age of 20 and 64 y were overweight whereas 29% were obese. 4 In 2002, researchers from the Quebec Institute of Statistics reported that 15% of children and adolescents living in Quebec were overweight or obese, which is about 7-12% higher than the 1981 rates. 1 Obesity in children is associated with several negative consequences. First, several researchers have reported that obesity is a risk factor for several health problems such as diabetes. 5, 3 Second, although recognizing some inconsistencies in their findings, researchers have reported growing evidence that obesity leads to psychosocial adjustment problems in children. 6, 7 According to Stradmeijer et al 7 overweight and obese children are more likely to show internalized and externalized problems behaviors. In addition, both Tanofsky-Kraff et al 6 as well as Davis and Furnaham 8 have found that overweight children are more at risk to develop other eating disorders, as compared to normal weight children. Third, it is well recognized that weight has an impact on physical growth. [9] [10] [11] [12] Daniels et al 11 argue that overweight and obesity in children are important factors in accelerating pubertal development. Puberty begins by a growth burst characterized by an important increase of body fat tissues. 11, 13, 14 Body fat increase is essential for sexual secondary characteristics and first menses occurrence. If the adolescent is already overweight or obese, puberty timing could be accelerated. [9] [10] [11] [12] On the other hand, being underweight was found to stop menses in already mature women. 15, 16 Since pubertal development is known to be a critical period in the development of eating disorders, particularly in girls, 17 most researchers who have studied negative effects of obesity have taken into account pubertal development. The measure of actual pubertal status is typically used by researchers. Brooks-Gunn et al 18 refer to pubertal status as 'an absolute, the actual pubertal state at any given point in time'. However, there is another important aspect of pubertal development to consider, which is, pubertal timing. 'Pubertal timing is a relative concept, referring to an individual's status vis-à-vis a referent group or a set of norms'. 18 For the purpose of this study, we have identified as early maturers those who are below two standard deviations from their average maturing peers (À1.28z to ¼ 1.04z), or 10-15% of the left tail of the normal range distribution, 19 while late maturers are those in the 10-15% in the right tail of the distribution (1.04z to 1.28z). Several researchers have pointed out that the distinction of the two aspects of pubertal development is important because it is pubertal timing, and not pubertal status, that increases the risk of negative psychological and social outcomes for the teenagers. Indeed, early-maturing girls have shown more psychosocial adaptation problems than their on-time peers. [20] [21] [22] [23] [24] [25] Also, Hayward et al 22 and Kenneth and Smith 21 have found that early-maturing girls were three times more at risk for depression and anxiety. Thus, taking into account pubertal timing instead of pubertal status in studying the impact of obesity on behaviors problems may explain inconsistencies regarding impact of obesity on psychopathology.
Research objective
The objective of this research is to verify the hypothesis that obesity and pubertal timing predict psychosocial adjustment problems in girls. We postulated that first, there was an association between obesity, being overweight, and pubertal timing in girls; second, that there was an interaction effect of pubertal timing and obesity in predicting girls' self-reported conflicts and internalized and externalized problem behaviors as reported by their mother; and third, that the strength of this interaction effect would increase during the course of pubertal development.
Methods

Participants
The research unit on children's psychosocial adjustment (GRIP) conducted a longitudinal study from 1986 to 1997 on a representative sample of 3018 French Canadian children and their parents (The Longitudinal Study of Kindergarten Children in Quebec-ELEMQ). The research objective was to study the developmental trajectories of children from 6 to 18 y of age (1986 till 1998) using questionnaires and interviews about the child and her parents' behaviors, psychosocial adjustment, health and family characteristics. 
Procedure
The Data Management Service of the Education Ministry of the Government of Quebec sampled the subjects at random according to their file identification numbers. In order to have a representative sample of Quebec's child population, the sample was stratified according to the four sizes of school boards, living environment (rural or urban, city size), and gender. The parents of the selected participants were contacted and asked to reply to a questionnaire about their health, socioeconomic and demographic characteristics, as well as their social habits and their children's. At the end of each data collection, participants were asked if they were willing to be contacted again the year after. For each participation, the mother received $15, and the adolescent and the father received $10 each. Since few fathers responded to the questionnaire, only mothers' reports were used.
Questionnaire and measures
The ELEMQ study questionnaire was either a French translation of existing scales using bidirectional methods (a first French translation was translated again in English and verified by English-speaking judges) or was specifically created for the purpose of this study (eg, sociodemographic data). Variables selected from the questionnaire are described below.
Classification of the subjects. Pubertal timing: Pubertal status was first assessed using the Pubertal Stage Scale by Petersen et al, 26 a self-report instrument increasingly used by researchers because of its validity and nonintrusive method. Pubertal timing was computed according the stage attained at a given age, and was then compared to the mean of the group according to the normal curve distribution. We classified our subjects into three different groups according to their pubertal timing, namely early, on-time, or late maturers, based on the age at which they reported having had their first menses. Thus, early maturers averaged 11 y old, on-time maturers averaged 12 and late maturers averaged 13. The proportions of each pubertal timing category by age are shown in Table 1 . Respectively 57, 618 and, 136 girls were classified as early, on-time, and late maturers.
Weight categories: We used the body mass index (BMI) 27 by dividing children's weight measured with a weight scale by
Obesity and puberty interaction on psychosocial adjustment L Tremblay and J-Y Frigon their height (kg/m 2 ) and classified them using Himes and Dietz's 28 weight classification. We classified children presenting a BMI between the 5th and the 85th percentile as normal, children between 86th and 95th percentile as overweight, and children at the 95th percentile and above as obese. We did not include children who showed a BMI under the 5th percentile (underweight) in the analyses. The proportions of each weight category by age are presented in Table 1 . At Times 1, 2, and 3, 67 (8.3%), 77 (9.6%), and 81 (10%) of girls were overweight, respectively. The proportions of obese girls were 36 (4.4%), 38 (4.7%), and 41 (5.1%) at Times 1, 2, and 3, respectively.
Measures of outcomes variables. Measure of psychosocial adjustment: We assessed psychosocial adjustment using two measures: problem behavior and conflicts. The problem behavior scale 29 is composed of two subscales, corresponding to the internalizing and externalizing dimensions of problem behaviors. 30 In the 6-item internalizing scale, mothers were asked, for example, if their daughter is withdrawn, sad, or anxious. In the 13-item externalizing scale, mothers are asked, for example, if their daughter fights with others, lies, is fidgety, or destroys her things. Answers to each item were coded according to a three-point Likert scale: (0) never, (1) occasional behavior, and (2) frequent behavior. These were then summed up to obtain a continuous score distribution.
Internalizing scale scores ranged from 0 to 12 and externalizing scale scores ranged from 0 to 26. Reliability of these two scales ranged from 0.62 to 0.66 and from 0.79 to 0.80, respectively, during all period of measurement. The measure of conflict is a three-item conflict scale that is used to assess a child's agreement with, and understanding of, her family, teachers, and peer group. Cronbach alpha coefficients ranged from 0.64 to 0.66 (all periods). A higher score indicated more conflicts.
Socioeconomic status: The Family Adversity Index 29,31 is a cumulative index of socio-economic status, family structure, and parents' occupation. The index was computed using the following variables: family structure (eg, single or two parents), age of parents at the first child's birth, parents' socioeconomic and occupational status, father's and mother's education (number of years in school). For each of these variables, a score of 1-point was given if the parents were categorized in the upper 30th percentile of the total sample distribution. 31 The scores were added and reduced to a distribution ranging from 0.00 (favorable conditions) to 1.00 (higher level of adverse conditions).
Results
All statistical analyses were performed using the Statistical Package for the Social Sciences SPSS-11.0. Obesity and puberty interaction on psychosocial adjustment L Tremblay and J-Y Frigon overweight, and obese were not dependent on pubertal timing. At Time 2, we observed that more overweight and obese girls were in the early-maturing group than expected. There were a few more overweight girls and fewer obese girls in the on-time pubertal group at Time 2. There were also less overweight girls in the late-maturing group than expected but slightly more obese girls than expected. At Time 3, there were more overweight girls in the early-maturing group than expected and slightly less in late-maturing group. There were more obese girls in the early-and late-maturing groups and less in the on-time group. Descriptive statistics showed in Table 1 also revealed that obesity proportions displayed an increase with age in the early-and late-maturing groups and a decrease in the ontime maturing group. The late-maturing group displayed the strongest trend across Time 1-Time 3. On the other hand, there was a decrease in the on-time maturing group across the same periods. It appears that the proportions of overweight girls stayed stable across all pubertal groups.
To test the hypothesis of the interaction effect of pubertal timing and weight on psychosocial adjustment, a series of 3 (pubertal timing) Â 3 (weight) between subjects multivariate analyses of variance MANOVAs were performed on four dependent psychosocial adjustment variables (aggressiveness, anxiety, conflicts, and family adversity index) at Time 1-Time 3. Means, standard deviation, and significance post hoc tests for Time 1 are presented in Table 2 . Multivariate tests showed only a marginal interaction effect of pubertal timing F 16, 3208 ¼ 1.5, Po0.10. The interaction effect of puberty by weight on aggressiveness computed from separate multivariate tests for each dependent variable was significant F 4802 ¼ 3.0, Po0.05. The interaction effect of puberty by weight on conflicts was also significant F 4802 ¼ 2.3, P ¼ 0.05. Post hoc tests revealed that early-maturing and overweight groups for 11-y-old girls were significantly more aggressive according to their parents than late-maturing and overweight groups. The former also reported more conflicts than the on-time and late-maturing normal weight girls and latematuring overweight girls. We did not any find significant differences between groups regarding Family Adversity Index at Time 1.
Means, standard deviation, and significance post hoc tests for Time 2 are shown in Table 3 . We found from multivariate tests a significant main effect of obesity F 8 Obesity and puberty interaction on psychosocial adjustment L Tremblay and J-Y Frigon overweight girls and, on-time obese girls. Aggressiveness post hoc tests revealed that 12-y-old on-time maturing obese girls displayed the highest score on the aggressive behavior scale, this score being significantly different from the on-time and late-maturing normal weight girls, late-maturing overweight girls and early-maturing obese girls. We found the lowest score of aggressiveness in late-maturing overweight girls who were significantly less aggressive than on-time and latematuring and obese girls, early and on-time overweight girls and, early-maturing normal weight girls. We did not find any significant differences between groups regarding Family Adversity Index at Time 2. Means, standard deviation, and significance post hoc tests for Time 3 are shown in Table 4 . We found significant main effects of obesity F 8, 1596 ¼ 2.21, Po0.05. Univariate tests revealed that 13-y-old overweight girls were significantly more aggressive than normal weight girls at the same age F 2801 ¼ 3.73, Po0.05. Univariate tests revealed that 13-y-old obese girls were significantly more anxious than normal weight girls at the same age F 2801 ¼ 5.86, Po0.01. We did not find any significant differences between groups regarding Family Adversity Index at Time 3.
Discussion
Our results partially support the hypothesis that obesity is associated with pubertal timing, both factors interacting to predict psychosocial adjustment problems in girls during the course of pubertal development. Three important findings need to be underlined. First, the proportion of overweight girls (including obese) increases from 12.7% at Time 1 to 14.3% at Time 2, and 15.1% at Time 3. These results suggest that overweight adolescent girls is an important issue that still needs to be addressed because they are similar to those reported in more recent surveys, namely, by the Quebec Institute of Statistics 1 and USA Prevalence of Obesity Study. 32 However, our rates are lower than those reported by RollandCachera et al 33 in 7-to 9-y-old French children (23.9%), although their study included both boys and girls. Second, the relationship between pubertal timing indicates that 12-y-old early-maturing girls are more likely to be overweight or obese and their late-maturing peers are more likely to be obese but not overweight. A year later, the number of overweight and obese girls will increase in early and late maturers indicating that obesity does not decrease during pubertal development but will increase with age. This increase is still observed even when we controlled for pubertal timing. Our results present another perspective on previous findings that obesity tends to decrease whereas thinness increases. 33 In fact, our data show that only the ontime maturing girls displayed a decrease of BMI. It has to be borne in mind, however, that our study covers only 11-to 13-y-olds and it is possible that subsequent measures may indicate a decrease in overweight and obesity rates produced 
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by an increase in dieting and weight control behaviors in postpubertal girls. This hypothesis is supported by that O'Dea and Abraham 17 study, which showed that postmenarcheal girls were more likely to be thinner and to control their weight than their less developed peers. On the other hand, several research findings demonstrate that the perception of being overweight, more than the actual BMI, predicts dieting and weight control behaviors. 1, 34, 35 The fact that weight increases were found in our extreme groups regarding BMI, which belong to early (highest BMI) and late maturers (lowest BMI), support the importance of perception in eating disordered behaviors onset.
To support the hypothesis that obesity is an accelerating factor of early puberty, we should have found a larger proportion of overweight and obese girls at the three periods of measurement, and significantly less obese and overweight girls in the late-maturing groups for the three periods of measurement. Our results lead us to suggest that obesity is not a risk factor of early puberty but rather, the other way around. Pubertal timing is a risk factor for obesity. We explain the effect of puberty on weight by the fact that this is a long and stressful period. The physical changes associated with puberty are certainly a source of objective and perceptual stress that could produce overeating in an adolescent, particularly if the timing of her development is out of the normal range. Girls who are more likely to undergo higher level of stress are those who develop faster or slower than their peers. Our results support this hypothesis. As previously suggested by Stattin and Magnusson, 23 the reason that early-maturing girls experience more stress is that they are often rejected by their peers because of their new physical adult-like appearance. On the other hand, late maturers are going through the stress of not having their menstrual periods whereas most of their friends have already completed their development. Our third result regarding the prediction of adjustment problems from pubertal timing by weight interaction supports the stress reaction explanation. For all three time periods of measurement, being overweight or obese is associated with the highest score of conflicts, anxiety, or aggressiveness. Pubertal timing plays a small role at Time 1 and a more important one at Time 2. Early-maturing overweight girls report more conflicts at Time 1 but lateand on-time maturing obese girls display the highest score on all psychosocial adjustment variables. At Time 3, obesity, without regard to pubertal timing, predicted aggressiveness, and anxiety. We suggest that pubertal timing may trigger stress, resulting in overeating and weight gain. On the other hand, normative weight gain during puberty can affect pubertal development, which may explain the decrease in obesity and overweight in the on-time maturing group.
Apparently contrary to the stress reaction explanation is the absence of significant results from Family Adversity Index: none of our pubertal and weight groups differ with regards to this socioeconomic measure at any period. We explain this lack of result from a previous study in which Tremblay and Frigon 36 predicted puberty onset from 7 to 13 y old using several measures of stress. These measures Obesity and puberty interaction on psychosocial adjustment L Tremblay and J-Y Frigon included sleeping disturbances, family structure (divorce and separation), and family adversity index. They found that family adversity index will be correlated with BMI and pubertal timing only early in development (8 y old). From 9 to 13 y old, BMI and pubertal timing were found to be predicted by sleeping disturbances and internalizing symptoms, while socioeconomic status had only a moderating effect. Thus, from these two studies, it seems that young children will be more vulnerable to socioeconomic stress (primary short-term effect), and that adverse conditions that are only present during the first years can nevertheless affect subsequent development (secondary long-term effect). Aggressiveness, conflicts, and anxiety seem to be the result of both pubertal timing and weight gain. Our findings are consistent with previous research on psychological adjustment problems and pubertal timing. [21] [22] [23] However, our study reveals that the impact psychosocial adjustment of puberty timing is dependent on the actual weight and probably on the perception of being overweight. Our study also outlines the developmental changes in weight occurring during pubertal processes suggesting that a non-normative timing of puberty seems to be a risk factor in developing an eating disorder. Our results support the need for an intervention and prevention program that targets early pubertal development and continues throughout the teenage years, as pointed out by O'Dea and Abraham. 17 Future research should target younger children to identify predicting factors of both puberty timing and overweight problems before the beginning of pubertal development.
